To improve the understanding of the applicability of CO-FTIR spectroscopy for probing the electronic properties of catalysts, the effect of CO adsorption on the geometry of small metal particles in Pt/LTL and Pt/SiO 2 catalysts with varying support acidities was determined by comparison of X-ray absorption spectra before and after CO adsorption. At room temperature, the platinum particles (first shell coordination number N > 5) supported on SiO 2 were stable under CO atmosphere. By contrast, the smaller platinum particles (N < 5) in zeolite LTL reconstructed with the formation of very small platinum-CO aggregates upon admission of CO at room temperature. For both Pt/SiO 2 and Pt/LTL the linear-to-bridge ratio (L/B) of the CO infrared bands is a function of the support acidity/alkalinity. In the case of Pt/SiO 2 , the L/B ratio directly reflects the electronic properties of the catalytically active metal, since the metal particles do not reconstruct. The results show that the structure of the platinum particles in LTL zeolite, which participate in catalytic reactions is not the same as the Pt-CO aggregate analyzed by FTIR. Nevertheless, both the catalytic activity and L/B ratio are a function of support acidity.
Introduction
Infrared spectroscopy of adsorbed CO is an established technique to characterize supported metal particles. [1] [2] [3] [4] [5] [6] [7] Several factors affect the FTIR spectra, like particle size, surface coverage, and ion-dipole interactions. For example, the CO absorption band was suggested to consist of separate contributions of CO adsorbed on sites with different metal-metal coordination numbers. 1 Since the surface of a metal particle consists of atoms with different coordination numbers due to their location at edges, corners, or faces, 2 the metal particle size determines the final shape of the CO absorption band. Also, ion-dipole interactions between adsorbed CO and cations in zeolite lattices were shown to introduce a fine structure in the spectra. 3 Third, the frequency of the absorption band increases with higher surface coverage due to dipole-dipole interactions between adjacent CO molecules. 4 The integrated intensity ratio of linear/bridge (L/B) bound CO was found to depend on the electron density of a metal surface by both experimental 5, 6 as well as theoretical studies. 7 The higher the electron density of the metal, the lower the L/B ratio. This phenomenon was used to determine the influence of support acidity/alkalinity on the electron density of supported metal particles. 5, 6 Despite the general application of FTIR of adsorbed CO for characterization of supported metal catalysts, interpretation of the infrared data is still a matter of debate. Recently, Stakheev and co-workers presented an infrared study on Pt/K-LTL as a function of CO partial pressure. 8 In that study, they suggested that CO induces the formation of new, neutral platinumcarbonyl clusters inside the zeolite. While anionic platinum clusters can be synthesized from precursor complexes as [Pt-(NH 3 ) 4 ] 2+ and CO, 9-12 these complexes have not been prepared from reduced platinum metal particles. EXAFS and FTIR studies have shown the reconstruction of reduced rhodium particles supported on Al 2 O 3 or TiO 2 after admission of CO, 13,14 resulting in monorhodium-carbonyl clusters. In addition, a metal particle size effect for rhodium was shown. Rhodium particles with an average first shell coordination number N ∼ 7 did not reconstruct under CO atmosphere while very small metal particles (N ∼ 4) formed Rh geminal carbonyl complexes. 15 Shifts in the frequency and changes in the linear-to-bridged ratio are often used to probe indirectly the metal electron density near the Fermi-level in order to correlate electronic structure with observed catalytic activity. For example, for platinum and palladium catalysts the turnover frequency for neopentane hydrogenolysis decreases with increasing support alkalinity. 5, 6 In addition, the integrated intensity ratio linear to bridged bound CO decreased in the same order. 5, 6, 16 Furthermore, for Pt/SiO 2 there was a linear correlation of the linear/bridged ratio with catalytic activity. 6 For Pt/LTL catalysts the correlation was nonlinear.
To better understand the applicability of linear-to-bridged ratio of adsorbed CO for probing the electronic properties of catalysts, the effect of CO adsorption on the geometry of small metal particles in Pt/LTL and Pt/SiO 2 with varying support acidities has been determined by XAFS spectroscopy. X-ray absorption data show that the larger platinum particles supported on SiO 2 are stable, while the smaller platinum particles on zeolite LTL reconstruct upon exposure to CO at room temperature. It is proposed that platinum-CO aggregates are formed in LTL zeolite. The different behavior toward CO for Pt/SiO 2 and Pt/ LTL is most likely due to the larger metal particles on SiO 2 . The applicability of CO-FTIR spectroscopy for probing electronic properties of catalysts is also discussed.
Experimental Section
Catalyst Preparation. The acidity of the LTL zeolite support was varied by either impregnating a commercial K-LTL zeolite with KNO 3 or exchanging with NH 4 NO 3 to give K/Al ratios ranging from 0.63 to 1.25. Each LTL zeolite was calcined at 225°C and analyzed for potassium and aluminum. Platinum was added by incipient wetness impregnation with [Pt(NH 3 ) 4 ]-(NO 3 ) 2 followed by drying at 120°C. The catalysts are designated Pt/LTL(x) with (x) representing the K/Al molar ratio.
The silica supports were prepared by ion exchange of SiO 2 (15 g in 500 mL of H 2 O at 60°C) with increasing amounts of KOH followed by calcination at 400°C. Also, an acidic silica was prepared by ion exchange of SiO 2 with excess of Al(NO 3 ) 3 followed by washing, drying, and calcination at 400°C. Platinum was added by incipient wetness impregnation with [Pt-(NH 3 ) 4 ](NO 3 ) 2 followed by calcination at 225°C. The catalysts are designated Pt/SiO 2 -X with X representing the wt % Al or K.
Metal dispersion was determined by H 2 chemisorption after reduction at 300°C according to the double isotherm method. The dispersion (H/Pt) and the elemental analysis of all catalysts are reported in Table 1 .
Fourier Transform Infrared Spectroscopy. The transmission infrared spectra were recorded on a Perkin-Elmer 1720-X Fourier transform spectrometer at a spectral resolution of 4 cm -1 . The catalysts were pressed in thin self-supporting wafers and placed in an in-situ transmission infrared cell. The catalyst was reduced in H 2 at 300°C and cooled to room temperature. Subsequently, the sample was purged with He for 10 min followed by flowing 20% CO in He gas for 10 min, after which the CO absorbance spectrum was collected. The samples are denoted by Pt/LTL- [CO] or Pt/SiO 2 - [CO] . For the Pt/LTL catalysts a gas flow with a small amount of water was used to prevent ion-dipole interactions between K + and absorbed CO. 3 Spectra were corrected for the absorption of the support and gas-phase CO.
X-ray Absorption Fine Structure (XAFS) Experiments. The samples were characterized by XAFS spectroscopy at the SRS Daresbury (U.K.) at Wiggler station 9.2, using a Si(220) double crystal monochromator. The measurements were done in transmission mode using ion chambers filled with Ar to have a µx of 20% in the first and a µx of 80% in the second ion chamber. The monochromator was detuned to 50% maximum intensity at 12 250 eV to avoid higher harmonics present in the X-ray beam.
Each sample was pressed into a self-supporting wafer (calculated to have an absorbance of 2.5) and placed in an insitu cell. 17 It was dried at 120°C and subsequently reduced at 300°C (heating rate 5°C/min) for 1 h in flowing hydrogen (purified and dried). Subsequently, the sample was cooled under flowing H 2 and spectra were taken at liquid nitrogen temperature (Pt/LTL or Pt/SiO 2 -X). The sample was allowed to warm to room temperature and exposed to a CO/He (1/1) gas flow (purified and dried) for 15 min at room temperature. XAFS spectra were taken subsequently at liquid nitrogen temperature (Pt/LTL-[CO] or Pt/SiO 2 -[CO]). XAFS Data Analysis. Data analysis was performed by multiple shell fitting in R-space. 18 Different backscatterers were identified by applying the difference file technique 19 using phase-corrected Fourier transforms. 20 The difference file technique is based on the fact that a single scattering contribution in a model spectrum correctly describing the experimental data must be equal to the experimental spectrum minus all other model contributions:
Data for the phase shifts and backscattering amplitudes were obtained from reference compounds. Pt foil was used as a reference for Pt-Pt contributions; Na 2 Pt(OH) 6 was used for Pt-O contributions. 21 To analyze adsorbed CO, Pt-C and multiple scattering Pt-O* references are necessary. XAFS data of crystalline Ir(CO) 12 were used to extract Ir-C and multiple scattering Ir-O* backscattering amplitudes and phase shifts. 22 Since phase shift and backscattering amplitude are transferable between Pt and Ir, these data could be used to calculate a model spectrum for Pt-C and Pt-O* contributions. 22 The variances in imaginary and absolute parts were used to determine the fit quality, according to Models with variances in absolute and imaginary parts below 1% are considered to represent very good models for the experimental data. The errors in the fit parameters are estimated to be 5% in coordination number (N), 1% in distance (R), 5% in Debye-Waller factor (∆σ 2 ), and 10% in inner potential correction (∆E 0 ).
Results

EXAFS:
Structure of Pt/LTL and Pt/SiO 2 after Reduction. Parts a-f of Figure 1 show the Fourier transforms of the XAFS data of Pt/LTL and Pt/SiO 2 with varying support acidities. The dotted lines indicated the best fit obtained after R-space analysis; the parameters are given in Tables 2 and 3 . It can be seen that the metal particles in the Pt/LTL series are very small with average Pt-Pt coordination numbers less than 4.5. The long Pt-O distance of approximately 2.68 Å is in accordance with previous studies on Pt/LTL. 23 No potassium could be detected near the platinum particles.
The Pt/SiO 2 series shows larger platinum particles with PtPt coordination numbers between 5.3 and 7.6. Each catalyst also exhibited an oxygen contribution at around 2.2 Å. No potassium or aluminum could be detected near the platinum particles.
FTIR: Adsorption of CO on Pt/LTL and Pt/SiO 2 . The transmission infrared spectra of Pt/LTL and Pt/SiO 2 are shown in Figure 2a ,b, respectively. Two regions of adsorbed CO can be assigned: at higher wavenumbers absorption due to linearly coordinated CO and at lower wavenumbers a band caused by CO in bridged coordination to the metal atoms. For Pt/LTL and Pt/SiO 2 the linear-as well as the bridged-coordinated CO absorption bands shifted to lower wavenumbers as the support alkalinity increased. The shifts are more pronounced for the Pt/ LTL series than for the Pt/SiO 2 series. The line shapes for Pt/ SiO 2 -Al(0.10) and Pt/SiO 2 were sharper than that of Pt/SiO 2 -K(1.14) consistent with the different Pt particle sizes of the catalysts. 1,2 Larger metal particles result in sharper absorption 
bands, with their maximum positioned at higher wavenumbers.
The bigger platinum particles of Pt/SiO 2 -Al(0.10) and Pt/SiO 2 are thus reflected in the CO absorption line shape. However, there is no relation between Pt particle size and the integrated intensity ratio linear/bridged (L/B) CO (Table 4 ). The small shoulder visible at 1940 cm -1 in the FTIR spectrum of Pt/LTL- , due to lower signal-to-noise ratio, as only one spectrum was available for this catalyst.
(0.96) is often observed in the IR spectra of Pt/LTL samples and has been assigned to ion-dipole interactions between K + and adsorbed CO. 3 The integrated intensity ratio of linear/ bridged CO decreases with increasing support alkalinity for Pt/ LTL as well as Pt/SiO 2 . In other words, CO prefers bridged to linear coordination with higher support alkalinity. EXAFS: Influence of CO Adsorption on the Structure of Pt/LTL(0.96). Figure 3 shows the experimental data and Fourier transforms of Pt/LTL(0.96) after reduction and exposure to CO (Pt/LTL(0.96)- [CO] ). Comparison of the spectra reveals major differences in both the imaginary and absolute parts. Between 0.5 and 2.0 Å, the amplitude of the absolute part for Pt/LTL(0.96)-[CO] is greater, while in the region from 2.0 to 3.0 Å the amplitude is lower compared to Pt/LTL(0.96). Also between 0.5 and 2.0 Å, the nodes in the imaginary part of the Fourier transform are shifted, indicating that the structure of the platinum particles has been altered.
Comparison of the k 3 Pt-Pt phase-corrected Fourier transforms of Pt/LTL(0.96) and Pt/LTL(0.96)-[CO] taken over 6.0-12.7 Å -1 , which is dominated by Pt-Pt scattering (Figure 4a ), clearly shows that the average first shell Pt-Pt coordination number has decreased upon CO adsorption. To determine the Pt-Pt coordination parameters, the spectrum was first analyzed in R-space (∆R: 2.3-3.0 Å) with a k 3 -weighted Fourier transform taken over this limited range in k-space (6.0-12.7 Å -1 ). Subsequently, the other scatterers were identified and all model parameters were optimized together. The model Pt-Pt EXAFS contribution obtained after full optimization is shown in Figure 4b together with the total spectrum of Pt/LTL(0.96)- [CO] . Thus, the Pt-Pt contribution indeed dominates the k 3 -weighted Fourier transform taken from 6 to 12.7 Å -1 . Parameters (∆k ) 3.2-14.8 Å -1 , ∆R ) 1.60-3.10 Å) Figure 9 . The spectra agree very well for R: 1.2-3.3 Å. The Pt-Pt coordination numbers are similar or slightly smaller than those of the reduced catalysts, and moreover, the Pt-Pt distances are identical for the samples with and without CO. In addition to Pt-Pt coordination, also Pt-C and Pt-O* could be detected, originating from adsorbed CO.
Discussion
Structure of Catalysts after Reduction. All catalysts contained metallic platinum particles, as can be concluded from the observed Pt-Pt distances that are similar to the Pt-Pt distance in Pt-foil (2.77 Å). The Pt/LTL samples consist of metal particles with the average first shell coordination number smaller than 4.5. Assuming closest packing of Pt atoms, the average metal particle in Pt/LTL contains approximately 4-6 atoms. These small particles easily fit inside the pockets of a zeolite LTL channel. The Pt/SiO 2 catalysts have larger first shell coordination numbers (N > 5), and consequently contain more Pt atoms per particle. Assuming a spherical closest packing, the particle sizes range approximately from 15 to 50 atoms, going from Pt/SiO 2 -K(1.14) to Pt/SiO 2 -Al(0.10). The very small platinum particles in zeolite LTL are believed to be stabilized by the zeolite geometrical pore structure, which is absent on the SiO 2 surface.
In addition, a scattering contribution from the support oxygen atoms could be observed. The long Pt-O distance of approximately 2.7 Å for the Pt/LTL samples is in accordance with previous studies on Pt/LTL and is attributed to the presence of interfacial hydrogen after low-temperature reduction. 24 The short Pt-O distance of 2.2 Å for the Pt/SiO 2 catalysts indicates that the Pt particles are in direct contact with the support oxygen atoms, despite the low (300°C) reduction temperature. The coordination distance is similar to those in Ir/Al 2 O 3 22 and Pt/ Al 2 O 3 25 catalysts after high-temperature reduction (>450°C). (Table 5) .
The difference in metal-support characteristics between the zeolite and SiO 2 supported catalysts can be due to (i) the larger metal particles for Pt/SiO 2 and (ii) the differences in support properties. ∆σ 2 (10 -3 Å 2 ) ((5%) inner potential correction (∆E 0 ) of the Pt-Pt contribution is quite large compared to reduced Pt/LTL(0.96). This can be due to the difference between the experimental Pt-Pt distance (2.67 Å) and the reference compound (Pt foil, 2.77 Å) or a change in electronic structure of platinum upon adsorption of CO. Further, the Pt-C and Pt-O* contributions show that CO molecules coordinated to Pt are present. The difference in distance of ∼1 Å between C and O* is in good agreement with the intramolecular distance in CO (1.1 Å); 22 however, the error in distance for the Pt-O* contribution is larger than for the other contributions. In addition, the large Debye-Waller factor of 19.9 × 10 -3 Å 2 indicates a higher disorder in the Pt-O* backscattering function, which may be due to the fact that bound CO on a very small platinum entity can bend freely, creating a larger deviation in the average Pt-O* distance. Moreover, the analysis of the multiple scattering oxygen (O*) contribution is based on a reference made for a linear coordinated CO. Linear coordination will lead to the maximum multiple backscattering amplitude for Pt-O*. As soon as the angle between O*-CPt becomes less than 180°, the Pt-O* coordination number and distance as detected with XAFS data analysis will be smaller. The FTIR spectra of Pt/LTL(0.96)-[CO] already showed bridged CO. Since the EXAFS data were calculated assuming only linearly coordinated CO, this results in the higher uncertainty of the Pt-O* distance. Inclusion of both linearly and bridged coordinated CO in the EXAFS analysis was not statistically justified.
Influence of CO Adsorption on
The fourth contribution at 2.28 Å in the Fourier transform is most likely due to support oxygen atoms. An attempt to fit this contribution with a Pt-C coordination resulted in a lowered goodness of fit. Furthermore, if there was a Pt-C contribution at 2.28 Å, there also should be a significant Pt-O* contribution at around 3.0-3.4 Å. However, no O* contribution could be detected in the region 3.0-3.4 Å. Recently, based on FTIR experiments, it was suggested that neutral carbonyl complexes were formed from platinum in zeolite LTL upon exposure to CO. 8 The FTIR spectra in that study significantly differed from those of negatively charged Chini complexes. 26 The Pt-Pt coordination number (2.2) and distance (2.67 Å) determined in the present study for Pt/LTL(0.96)-[CO] are similar to those in an anionic Chini complex ([Pt(µCO)(CO) 2 ] n 2-) (N Pt-Pt ) 2, R ) 2.64 Å). 27 However, the numbers of CO ligands (average of 2.4 for Pt/LTL(0.96)-[CO]) are not alike, since in a Chini complex each Pt atom is surrounded by three carbon atoms (two bridged bound, one linear coordinated). Furthermore, the FTIR spectrum of Pt/LTL(0.96)-[CO] is also different from that of Chini complexes. 26 First, the spectrum of a Chini complex shows a linear and a bridged absorption band with almost the same absorption intensity, while the L/B ratio of Pt/LTL(0.96)-[CO] is much greater than 1. Second, the infrared absorption band of bridged CO in the Chini complex is located at around 1750 cm -1 , which is 80 cm -1 lower than bridged CO on Pt/LTL-(0.96).
The EXAFS and FTIR data clearly demonstrate that CO adsorption on Pt/LTL(0.96) results in a decrease of the metal particle size, but an aggregate has formed that is different from a Chini complex, as suggested in ref 8 . Interestingly, the Pt-O support contribution in the EXAFS data suggests that not only is the three-atom platinum cluster stabilized by CO ligands as in a Chini complex but also the support has an active role in stabilizing the Pt-CO aggregate. To visualize this, Figure 10 depicts a possible structure of Pt/LTL(0.96)- [CO] . The Pt-Pt distance of 2.67 Å and Pt-O distance of 2.28 Å taken into account point to a cluster that fits exactly in the small LTLpore opening of 7.1 Å. In Figure 10 , the coordination of CO to platinum has a L/B ratio of 3, found in the FTIR data, and a Pt-C coordination number of 2, which is close to 2.4 as determined by XAFS spectroscopy. Of course, other geometries of the Pt-CO cluster inside the zeolite pore are possible as well; nevertheless, the good agreement between the size of the Pt-CO aggregate and the zeolite LTL pore and the presence of a significant Pt-O support scattering strongly suggest that the cluster is stabilized by coordination with the zeolite walls. (Figure 7 ) demonstrated that for all catalysts the Pt-Pt contribution decreased after exposure to CO, indicating that the metal particles reconstructed to smaller aggregates for each sample. However, Figures 6 and 7 also show that each sample has a different XAFS spectrum after CO adsorption. Main differences are manifest below 2 Å and above 2.8 Å, where Pt-C and Pt-O* contribute significantly, strongly suggesting that the geometry of the coordination of CO to the metal atoms depends on the zeolite acidity. since (i) the available data range is limiting the number of free parameters and (ii) the Pt-O* contribution is strongly interfering with the Pt-Pt EXAFS. Still, EXAFS showed a change in platinum coordination upon CO adsorption that is different for each support applied. This observation is in line with the FTIR spectra, since these data also showed different sample absorption patterns with changing support acidity. The ratio of the Pt-C/Pt-O* coordination numbers steadily increased with rising support alkalinity (Tables 6-8), due to increasing Pt-C coordination number as well as decreasing Pt-O* scattering intensity. Both observations point to increasing amounts of CO in bridged coordination in agreement with the FTIR spectra of these samples. The platinum-support oxygen distance could not reliably be detected in the Pt/SiO 2 -[CO] samples, likely due to the Pt-C contribution at 1.84 Å, which is much larger than the Pt-O support contribution.
Consequences for Application of CO-FTIR as a Catalyst Characterization Tool. Several studies have shown differences in the reactivity of small supported metal clusters toward CO. Already in 1978, Primet showed that at liquid nitrogen temperature CO adsorbed onto small supported rhodium particles, while warming to room temperature under CO led to the formation of geminal dicarbonylrhodium species. 28 The structure was later confirmed by EXAFS. 13 It was also shown for rhodium that only very small rhodium metal clusters reconstructed upon CO exposure, while larger clusters were stable. 15 On the other hand, for small palladium particles in zeolite Y, upon adsorption of CO, the metal particles produced a large Pd x (CO) y cluster, just fitting inside the supercages. 29 In this study, the platinum particles in zeolite LTL undergo reconstruction and decrease in size when exposed to CO at room temperature. In a different paper we show that this reconstruction of platinum in LTL-(0.96) is temperature dependent. 30 For the larger particles of the Pt/SiO 2 samples, however, little change occurs in the metal particle on CO adsorption. The effect of particle size on the reactivity of the Pt atoms can be understood from the point of view that, in zeolite LTL, particles merely consist of a single shell coordination of platinum atoms. Consequently, the Pt atoms have a lower cohesive energy and thus show increased reactivity. In line with this, metal particles supported on silica are much more stable, since they consist of several shells of platinum atoms, which increases the cohesive energy and decreases the reactivity. Recently, a paper was published on DFT calculations and microcalorimetric investigations of CO adsorption on Pt clusters. 31 The authors calculated the heat of formation of neutral Pt-CO clusters from a 10-atom Pt cluster to be only -30 kJ/ mol CO, which is only slightly endothermic. The particles in zeolite LTL consist on average of less than 10 atoms; thus the reaction might even be exothermic for these small clusters. In addition, they suggested that the decomposition of Pt particles of 10 atoms could be CO pressure dependent, as was suggested 2 -Al(0.10)-[CO],  R-space Fit, ∆k ) 3.1-12.8 Å -1 , ∆R ) 1.0-3 Fit, ∆k ) 3.1-12.8 Å -1 , ∆R ) 1.0-3 earlier by Stakheev et al. 8 However, since in this study the reactivity toward CO was determined at 1 atm CO pressure for all samples, the stable metal particles on SiO 2 can only be explained by the fact that the particles are larger and consequently more stable.
A particle size dependent reactivity of platinum particles toward CO also explains the slightly decreasing Pt-Pt coordination number (∼10%) for the Pt/SiO 2 samples. In addition to the larger average metal particle size, it is likely that there is a particle size distribution. If exclusively very small particles reconstruct upon CO exposure, then only a small fraction of the Pt/SiO 2 particles will be affected, causing a slight decrease in the average Pt-Pt coordination number. An additional aspect of the different behavior of platinum particles on zeolite LTL and SiO 2 could be the stabilizing effect of the support material on the newly formed metal-CO clusters, as was suggested for palladium in zeolite Y. 29 We have previously shown that there is a decrease in the integrated intensity ratio linear/bridged coordinated CO as well as in the neopentane turnover frequency (TOF) with rising support alkalinity for Pd/LTL, Pt/LTL, and Pt/SiO 2 catalysts. 5, 6 The correlation of the linear-to-bridged ratio with TOF was thought to reflect the changes in the electronic structure of the surface platinum atoms in the catalysts. However, the correlation between CO-FTIR and catalysis is not straightforward. The present study demonstrates that the structure of the platinum particles in LTL zeolite probed by FTIR of adsorbed CO are smaller than those of reduced Pt, which are responsible for catalysis. Interestingly, although there has been significant reconstruction, the linear-to-bridged ratio does seem to reflect the changes in electronic properties induced by the support. Recently, this was confirmed by the position of the Pt-H antibonding state relative to the Fermi level as a function of support acidity of the reduced Pt/LTL catalysts. 32 For Pt/SiO 2 catalysts, CO adsorption has a much smaller effect on the platinum structure due to the larger metal particles. The L/B ratio, in this case, better reflects the changes in electronic properties of the surface metal atoms. As a result, the correlation of L/B ratio with TOF is better for the Pt/SiO 2 catalysts than for Pt/LTL.
Conclusion
Application of CO-FTIR for determination of the electronic structure (reflected in L/B ratio) has to be done with care. Special attention has to be paid with regard to metal particle size. The present study demonstrates that larger platinum particles (i.e., N first shell > 5) on SiO 2 are stable to exposure of CO at room temperature. Smaller particles, supported on zeolite LTL, however, form Pt-CO aggregates after admission of CO.
Although XAFS indicates that CO adsorption results in the formation of smaller metal particles, the correlation with the TOF suggests that the linear-to-bridged ratio is primarily affected by the electronic properties of the Pt particles. In addition, the decrease in L/B ratio with increasing support alkalinity is strong evidence that the support composition induces changes in the electronic properties of the metal particles that, in turn, lead to modification of the catalytic activity. 
